This paper proposes and tests an agent-based model of worker and job matching. The model takes residential locations of workers and the locations of employers as exogenous and deals specifically with the interactions between firms and workers in creating a job-worker match and the commute outcomes. It is meant to illustrate that by explicitly modeling the search process and the interactions between firms and individuals, origins and destinations (ODs) can be linked at a disaggregate level that is reasonably true to the actual process. The model is tested on a toy-city and the using Twin Cities are. The toy-city model illustrated that the model leads to reasonable outcomes, with agents selecting the closest work place when wage and skill differentiation is absent. Relaxing these assumptions increases the observed commute. Especially the introduction of wage dispersion in the model increases the the average home to work distance significantly. Using data from Minnesota, the results on aggregate are shown to capture the trends in the observed data, and illustrate that the behavior rules as implemented lead to reasonable patterns. The results and potential future directions are also discussed.
Introduction

1
positions that are available at each of the firms does not change throughout the simulation. 
Employment Positions and Workers
24
Employment positions are housed in Firms. Each employment position has characteristics that it requires 25 fulfilled by potential employees (or a minimum skill set that is needed to be fulfilled). The skill set required 26 by any position (J q ) is assigned as a randomly generated integer ranging from one to five. Each of these is 27 assumed to be increasing in specialization and commands an average pay that is higher than the preceding 28 level. Each position is assumed to have an amount that it is willing to pay an employee. At the start of 29 the simulation, the pay that positions are willing to offer is assigned to the jobs by pulling from a uniform 30 distribution whose mean is a function of the position's skill level as shown in equation 1 and whose range is 31 $10,000. Alternatively, wage dispersion can be set to 0, leaving the wage to be only a function of the desired 32 skill.
33
W o = J q * 10000 +W disp * Q p { Q p ∼ Uni f (0, 10000)
where 1 J q : the job-class for the position.
2
W o : is the amount that the position offers to pay prospective employees.
3
Q p : is a random draw from a uniform distribution with a range of $10,000. and screening applications as well as making offers and negotiating a salary with qualified applicants. When 10 they have difficulty attracting talent, positions increase their offer pay at each iteration.
11
Workers start out randomly assigned to residential locations from which they search for jobs. Workers
12
residences are assumed to be stationary. Each worker is randomly assigned a skill class (S c ) that corresponds qualifications. Each worker is also assumed to have a minimum wage (W m ) that they would want to accept 16 any job offer. This is set at W m = S c * 5000 + W disp * Q a , where Q a ∼ Uni f (0, 5000). At the beginning of 17 the simulation, each worker also has an expected wage (W u e ) which is set 10% higher than W m . Once the 18 searcher is employed, their expected wage (W e e ) will be set greater then or equal to their earnings at the time
19
of search.
20
Workers are assumed to have limited information on available positions that match their skills. To find 21 information, workers have to start searching for opportunities with some intensity I. Different workers can
22
have different search intensities that describes how many applications they put in at any given time slice. A 23 worker only receives offers from those positions to which it has applied.
24
Though skill matching is an important part of the model, workers are allowed to apply to positions for which 
31
The model allows for individuals to receive any number of offers at a given time given they have applied to 32 the position, and they are selected as the best applicant for that position. When several job offers are made 33 to the respondent within a given iteration, the model assumes they arrive such that they can be compared 34 against one another simultaneously. Once an offer is made to a worker, searchers choose which offer is 35 the best and decide to accept or reject the offer by comparing its offer wage and transportation costs to 36 their current situation. The selection process may be specified so that a deterministic decision framework is 37 adopted where the highest offer is chosen, or a probabilistic decision is made based on travel time and salary 38 considerations within the expected utility framework. Decisions are also assumed to be made only on the When the tolerance level is set to 0, workers only apply to jobs that are a perfect match to their skills.
23
Greater numbers imply over or under-qualified applicants can also apply and compete for a position. There 24 are at least two factors that can make slightly under-qualified applicants appealing to the employer. First
25
is that their asking salary may be lower as compared to more qualified searchers. Second, job searchers 26 may use contacts to find employment, a proportion of whom may be able to influence the outcome of the 27 hiring process. Two global variables in the model P c and P cl control the proportion of people who find 28 jobs through contacts and the proportion of those whose contacts can leverage their relationship with the 29 employer to assist in better matching respectively. Currently whether a contact is used and whether the 30 contact is influential is set randomly according to probabilities equal to P c and P cl at each iteration, and no 31 information as to the identity of the contact is generated. β 2 : The coefficient for wages (set at 1).
24
The parameters for the utility function are selected so that individual level differences are allowed in the 25 travel cost variable. The marginal rate of substitution between travel cost and wages is selected so that it
26
represents the agent's expected wage when searching. With β 2 fixed at 1 for all individuals, this would mean 27 that -β 1i = W ei for person i. The selection of β 2 to be equal to 1 is arbitrary. Any other selection would not 28 alter the order of preferences for any given set of alternatives though the probabilities may change.
29
Once a searcher determines the best offer, this offer is then compared to their current position using the net increasing tenure, the probability of job change declines (25). Here, the probability for on-the-job searching 27 is modeled so that it is decreasing with tenure. Each year the probability that a person would want to change 28 employment is given by equation 9. If a search at any given time was not successful, the workers will have 29 to decide whether or not to search in the next cycle.
where 31 p rel : is the probability of wanting to change jobs 1 t r : tenure at current employment 2t r : the tenure for the population beyond which the probability to start searching for another job de-3 clines below 0.5 (a global variable in the model). 
Competition
5
In trying to match one another, both employers and workers can make themselves attractive to each another. exogenous to the search process and the search can be conditioned on these fixed salaries. These cases are 19 compared in the following section using a simplified urban landscape.
22
W e e,t = W t−1 * (1 + γ quadrant that divides the modeled area into four zones.
11
To simplify the model, the total number of employment opportunities available at each employment zone 12 are made equal. A total of 520 workers are also randomly generated and distributed through out the plane,
13
but with each quadrant having equal number of residents (see figure 1 ). 
29
Figures 1 to 4 show the matched home and work outcomes from one typical run under the described case.
30
For clarity only the home-work connections for the jobs located in one quadrant are shown. The large black 31 dots are the employment centers, and the small red dots are the workers (located at their residences).
32
The first case, as expected, leads to the shortest home to work distances. Most of the workers in the quadrant To test the model's sensitivity, the commute outcomes to different combinations of the input variables is 9 tested. Two general cases are studied. In case 1, wages are taken as exogenous to the search process and 10 adjustments do not occur as described in section 2.8. In this case γ o , γ c , and γ r are all set to 0, which means 11 only the expected wage when employed rises to the wage currently being paid. In the second case, each of The results from these tests illustrate the model is stable within replications, and responds in a consistent 9 manner to adjustments of the variables in the model. Table 2 gion. This data set was chosen because it includes disaggregated individual data for workers and the location 19 of their of employment. Consideration was also given to using the LEHD data set; however, while the LEHD 20 paying what amount to workers in a blockgroup. The downside to using the TBI is that the data does not On the worker side, because income is reported at the household level, for this test application, only single showed a very weak connection between the reported education level and reported income.
27
In addition to these modifications, parameters of the simulation were set to reflect the limitations imposed 28 by the data. The matching tolerance (tol, equation 2) was set to 0 and the proportion of contacts that 29 were influential (P cl ) was also set to zero in this model. Other aspects of the model remained the same.
30
Different combinations of I min , I max , γ o , γ c , and γ r were used to run the simulation to replicate the distribution 31 of distances as observed in the TBI data. Since the actual salaries are used as the offer wage for each 32 position, wage dispersion is present in the model relative to the educational requirements of the position.
33
The tested combinations of the model parameters and the values that replicated the commute distribution Figure 6 suggests that actual job finding within a 2.5 mile radius of the respondents' home occurs at a greater 6 rate than the model could predict. It suggests that job searching in the vicinity of the home is perhaps more 7 intensive within this radius than it is outside. Alternatively, this may also be the result of relocation decisions 8 after job finding or a combination of both. The proportion of jobs predicted at each of the other categories 9 seem to be reasonably predicted by the model.
10
While on aggregate the model replicates both the salary and distance distributions well, individual level 11 fitting does not perform as well. In part this is because the data on jobs and workers only uses their education 12 as a basis of skill and job class to perform the matching. As a result employment opportunities that are not 13 exchangeable in reality are assumed to be exchangeable in the model. In reality information on sector, job 14 type, experience, in addition to education can be used to segment the population of workers and jobs to 15 improve the matching given data can be gathered on these variables. Figures 8 and 9 show a plot of actual 16 salaries and incomes at the individual level as compared to the simulated results one run of the model.
17
While the increasing trend appears correct, there is considerable variance within each income and commute
18
category. This variance can potentially be reduced by the use of more refining methods that narrow search 19 categories for a given worker. Future extensions should look at both the data needs, and ways to integrate 20 existing data into the search framework. introduction of wage dispersion in the model increases the the average home to work distance significantly.
27
Using Minnesota data, the results on aggregate have been shown to capture the trends in the observed data,
28
and illustrate that the behavior rules as implemented lead to reasonable patterns. But weaknesses were 29 present when individual level data were compared. In part these weaknesses are the result of insufficient 30 details on the job seekers and employment opportunities. This is because the data used was geared towards by incorporating better detailed information on both searchers and jobs so that matching can further be 3 refined. In the current data for example, the connection between reported education levels and wages tended 4 be weak. Therefore, better ways of gauging the skill needs of employment positions and wages offered are 5 needed. The data needed to more fully test the proposed model would need to include at a minimum the 6 following details. On the searcher side, data on skills and experience which go beyond education levels 7 and ask specific streams of study as well as areas of expertise are needed. In addition, wage data on the 8 current employment and location are required. These information should be collected for each worker in 9 a household. On the employment side, details on jobs would need to be more specific than the education 10 level. The type of job, the industrial class of the firm, the experience of who is holding it, as well as the 11 wages that are paid are also essential. In addition, to better develop the decision mechanisms, information 12 from searchers on alternatives considered and how they knew of them, as well as data on firm strategies on 13 advertising their openings can allow better targeting of the information within the agent-based model. 
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